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Abstract: 
The work describes the statistical characterization of the tensile properties of raw and treated 
jute yarn fibers. The yarns are treated with various alkaline sodium hydroxide concentrations 
(0.5, 2 and 5%) and different immersion times at room temperature (30 minutes, 2, 8 and 12 
hours). Due to the scattering of the experimental results, statistical analysis was performed 
using both two- and three-parameters Weibull, and Anova variance methods. In terms of 
stress, failure strain, and Young modulus, the results obtained from uniaxial tensile yarns 
show a variation that depends essentially on the immersion time and the NaOH concentration. 
Optimum mechanical properties are obtained for a concentration of 2% of NaOH and an 
immersion time of 2 hours. The results are further discussed in view of an extensive Fourier 
Transform Infrared Spectroscopy (FTIR) analysis carried out on the different classes of yarns. 
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1. Introduction 
The demand for commercial products that are environmentally sustainable is becoming 
strong. Composite materials based on natural fibers can be considered as an ideal class of 
solids for sustainability applications.  Different types of plant fibers such as jute [1- 3], sisal 
[4, 5], flax [6, 7], hemp [8], alfa [9] and other natural fibers [10-14] are used as reinforcement 
in composite materials. Natural fibers may be considered as an interesting alternative to 
synthetic fibers like glass, particularly in terms of equivalent stiffness. The short coming of 
using natural fibers resides however in the non-uniformity in their mechanical and physical 
characteristics (non-constant diameter of the fiber, variable length, micro-fibril angle fiber and 
its cellulose ratio). This lack of uniformity leads to the dispersion and scattering of their 
mechanical properties [15, 16]. 
Natural fibers have been the subject of various studies, starting from the production of the 
crop, its spinning, the choice of the micro-fibril angle, the weaving mode and the fiber 
treatment. As far as the fiber treatment is concerned, many investigations have been carried 
out to improve the interface bonding between the fiber and the matrix by the application of a 
chemical treatment over the fiber surface [17]. To this end, two parameters are generally 
taken into consideration: (1) the sodium hydroxide concentration ratio, and (2) its effective 
processing time. 
Numerous research studies have been focused on the characterization of natural fibers, but 
little has been focused on fiber yarns linked together, the most commonly used type of natural 
fiber reinforcement consists in ropes. Fibers are constituted by a multitude of components like 
cellulose, hemicellulose, pectin, lignin and wax [17, 18]. The optimization of the interface 
flax fiber-unsaturated polyester resin within composites has generated a series of procedures 
involving successive treatments of the flax fiber, either by using sodium hydroxide (10g/l), 
acetic anhydride or formic acid. These treatments result in the increase of the bonding 
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between the fiber and the polymer matrix, and the smoothing of the surface of the fibers by 
reducing its roughness [19]. 
A solution of NaOH with concentrations equal to 2% to 5% at an ambient temperature of 
23°C was used for the treatment of date palm fibers [20]. These fibers were intended to be 
used as reinforcement in polymer composites and were consequently immersed in a sodium 
hydroxide solution for 2, 4, 6 and 24 hours. This treatment cleaned most of the impurities 
from fiber surface. Impurities may affect the absorption properties, with particular reference 
to the moisture, because the minimization of the hemicelluloses reduces the water absorption 
property of the fiber [20]. The impact of the NaOH treatment on the mechanical properties of 
date palm fruit branches for different immersion times has also been investigated [13]. The 
results showed a net improvement of the mechanical properties for these fibers, in particular 
for a NaOH concentration of 0.5% and an immersion time of 12 hours. 
Studies have also been performed on the influence of the surface characteristics of jute 
fabrics, along with the characterization of the mechanical properties of jute/polyester 
composites [21]. Three surface treatments using alkali, silicone micro-emulsion (MS), and 
fluoro-carbon agents (FA) have been considered. The results obtained show the decrease of 
the fiber stiffness after each surface treatment, and the jute yarn tensile strength increasing by 
10.8% after the jute alkali treatment [21]. Lyocell fibers have also been subjected to 
investigation [22]. In order to find out the impact of the alkali treatment on the absorption 
behavior of the cellulose II of the lyocell fibers, a continuous pre-treatment using NaOH with 
concentrations ranging from 0.00 to 7.15 mol/dm3 and varying tension was applied to the 
woven fabric. The process was intended to condition the samples in a 65±4% relative 
humidity and at 20±2oC temperature for 48 hours before the alkali treatment. The results show 
an increase of the absorption energy of the hydrolyzed reactive dyes onto cellulose II lyocell 
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fibers with higher NaOH concentrations (2.53mol/dm3to3.33mol/dm3), followed by a 
decrease of the same energy with further increase of NaOH beyond 3.33mol/dm3. 
The jute fiber is one of the cheapest natural fibers available, with its crop taking 
approximatively four months to reach maturity, with up to two tons per hectare of yield [23]. 
Jute is totally biodegradable and recyclable, and it is especially used in the manufacturing of 
bags used for storing agricultural products. Among the commonly used plant fibers, those 
obtained from the jute crops show quite interesting properties, and the present investigation 
focuses on further evaluation of the mechanical properties of the yarn jute fibers. In this work, 
different NaOH concentrations (0.5, 2 and 5%) are applied at room temperature for 
immersions lasting 30 minutes, 2, 8 and 12 hours. A two and three parameters Weibull 
statistical method and an Anova variance analysis have also been carried out to provide a 
robust statistical appraisal of the dispersion of the results. Furthermore, a Fourier transform 
infrared spectroscopy (FTIR) characterization has been carried out to identify the influence of 
the treatment on the fibers chemical composition, and its results are reported.  
2. Experimental Approach 
2.1. Material 
Samples have been provided by a natural fiber ropes factory located in Bejaïa, Algeria. The 
length of the fibers varies between 1m to 4m, and their diameter from 17 m to 20m. The 
jute yarns are composed of many jute fibers with an average diameter of 860 m ± 125m. 
They are produced with a twisted surface angle ranging between 11° and 13°, and a linear 
density of 267 Tex ± 4 Tex [16]. The average mechanical properties used have been reported 
in a previous work [24]. The samples are taken from a bidirectional fabric that possesses a 
surface density of 400 g/m2. They are cut to a length of approximately 100 mm. 
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2.2. Alkali treatment of the jute yarns 
 To improve the interface fiber/matrix quality and consequently enhance the 
performance of the composite material, the external surfaces of the fibers may be modified 
chemically and/or physically by removing their natural and/or artificial impurities [25-27]. 
The jute yarns investigated in this work have been immersed, at room temperature and in 
open barrels, in a NaOH solution with different concentrations (0.5%, 2% and 5%) and 
immersion times (0.5, 2, 8 and 12 hours). The yarns were subsequently rinsed using tap water 
before being immersed in a 1%-concentrated sulfuric acid solution (H2SO4) for 5 minutes to 
neutralize the sodium ions present in the fibers during the alkali treatment. After being 
washed again and immersed in distilled water for 15 minutes to reach a neutral pH, the yarns 
were finally dried in an oven at a temperature of 70°C for 5 hours. The above-cited treatments 
have resulted in an approximately 20% decrease of the diameter of the treated yarn. 
2.3. Measurement of the fiber diameter 
The original yarns jute fibers had diameters varying between 600μm and 1200μm (Fig. 1). 
The measurements have been taken by using a Zeiss optical microscope equipped with a 
Moticam 2500 digital camera controlled by MoticImages plus V2.0 processing image 
program. The diameters of the yarns has been measured before and after the treatment. For 
every sample, the measurements have been taken at nine different stations along its length. 
 
Figure 1 
 
2.4. Scanning Electron Microscopy 
The longitudinal and transversal surfaces of the treated and untreated yarns have also been 
examined using a scanning Electron Microscope type ESEM-XL30, and the results are 
presented in Fig. 2. The surfaces of the treated fibers are rough compared to those which have 
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not been treated. The removal of the surface impurities including non-cellulosic substances, 
inorganic substances and waxes leads to a cleaner and rougher external state of the fiber that 
agrees well with the findings of Hossain et al. [28]. 
 
Figure 2 
 
2.5. Infrared spectrometry analysis 
Infrared spectrometry has been performed using a Thermo Scientific Nicolet Spectrum 
iS10 FT-IR type spectrometer with proprietary analysis software. The spectra were measured 
performing sampling at intervals of 125 nm within the band width 500 cm-1- 4000 cm-1. 
2.6. Test machine 
Monotonic tensile tests on the jute yarns have been performed using a universal testing 
machine Zwick Z005 type with a 5kN capacity load at a speed of 2 mm/min at an ambient 
temperature of 23°C and an approximate humidity ratio of 55%. The Young’s modulus of the 
jute yarns has been determined according to the ASTM D578 standard using a 50mm gage 
length. Due to the variability of natural fibers, 390 specimens divided in 13 series of 30 
samples each have been tested in total. 
3. Results and Discussion 
3.1. Infrared Spectrometry 
The FTIR spectra with the main IR bands corresponding to the whole untreated and treated 
fiber jute yarns for different concentrations of NaOH and diverse immersion times, and their 
different groups’ vibrations are shown in Fig. 3. The wave forms of the spectra are plotted as 
Transmittance (T) versus the wave number (1/cm). The FTIR spectrum analysis of the 
untreated jute fiber shows a large band at 3330cm-1 mainly due to the OH groupings existing 
in the jute fiber structure, which originate from the α-cellulose present in all types of yarns. 
The results are in good agreement with those obtained by Shaha et al. [29]. 
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Figure 3 
The peak of 2917 cm-1 corresponds to the vibrations of the CH aliphatic chains, while the 
ones corresponding to 1732 cm-1, 1638 cm-1, 1314 cm-1, 1243 cm-1 and 1022 cm-1 indicate the 
existence of the C═O stretching mode of the carboxylic acid, the CH3 asymmetric stretch, the 
CH symmetric stretching and aromatic and C─O simple connections, respectively. The NaOH 
treatment resulted in a structural alteration of the treated jute fiber surface where the peaks 
1732 cm-1 and 1250 cm-1 (corresponding to the C=O stretching of the hemicelluloses and the 
CH stretching of the aromatic skeleton ring vibration of the lignin) vanished. The FTIR 
analysis shows that the NaOH treatment has affected the intensity of the spectra of the fibers, 
as well as the peaks of the absorption bands (see Fig. 3 and Table 1), with consequent effects 
on the chemical composition, the hemicelluloses and the lignin [15, 30]. The results obtained 
are presented in Table1, and compared to those obtained in the literature for several classes of 
fibers, like jute [28, 29], kenaf [30, 31] and sisal [32].  
Table 1 
3.2. Tensile strength of jute yarn 
Of the total 390 jute yarn specimens assembled into 13 groups of 30 samples each that 
underwent static tensile tests, 360 were subjected to diverse alkali treatments using NaOH. 
The rest remained untreated. 
Fig. 4(a) shows the results of the tensile tests from the 30 untreated jute yarns. A 
significant dispersion of the results can be noticed, which is a phenomenon characteristic of 
most natural fibers, and shows the need of performing a robust statistical analysis. Fig. 4(b) 
shows a representative stress/strain curve of the thirty untreated samples presented in Fig. 
4(a). The stress varies first linearly and then quasi-linearly, with the increase of the strain 
until it reaches its maximum value, followed by a sudden drop in stress without total rupture 
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of the sample. This behavior is due to the topology of the jute yarns created by the fibres 
twisted into a spiral. This configuration creates voids and spaces between the fibres. Fig. 4(c) 
shows a comparison of the treated and untreated fibers, with representative curves of thirteen 
group specimens (thirty tests by group). The results of Fig. 4(c) show that the representative 
curve of the treated yarns with 2% NaOH and 2 hours immersion time has higher tensile 
strength and Young’s modulus than the case related to the untreated fiber, with an equivalent 
strain at failure. However, the typical curve of the specimen treated with 2% NaOH for an 
immersion time of 12 hours has a tensile strength, Young’s modulus and strain at failure 
lower than the untreated one (see Fig. 4(d)). 
Figure 4 
For a better understanding, all the results obtained are regrouped in Table 2 and plotted in 
Fig. 5 with the average values of the stress, strain and the Young’s modulus for the NaOH 
concentrations of 0.5%, 2% and 5% using different immersion times. The treated jute yarns 
by different NaOH concentrations at different immersion times show an increase of 5% to 
34% of the tensile strength, and 5% to 25% of the Young’s modulus compared to the 
untreated fibers case. The strain at failure however decreased with the increase of the 
treatment time. The best case is obtained for a 2% NaOH concentration and 2 hours of 
immersion time and the average ultimate values at failure are found to be 178.4 MPa for the 
stress, 26.4 GPa for the Young’s modulus and 4.17% for the strain. Concerning the untreated 
fibers, the same properties have been measured at 117.7 MPa, 19.78 GPa and 4.39 %. An 
increase of 34% and 25% for the stress and Young’s modulus respectively and a decrease of 
16% for the strain, due to the treatment is noticed. Table 2 summarizes the variation of the 
average values of the mechanical properties with regard to the various NaOH concentrations 
and immersion times used. These values are then analysed using the Coefficient of Variation 
(CoV %), which is described as the ratio between the standard deviation and the average one 
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[34]. A low value of the CoV indicates a little variation in the results. In the present case, the 
results of the CoV obtained are compared to those reported in the literature (see Table 2). 
Figure 5 
Table 2 
4. Statistical Study 
4.1. Two-and three-parameter Weibull distribution 
The experimental characterization of jute yarns carried out and presented above shows a 
large dispersion of the stress and strain at failure, and also of the Young’s modulus. An 
effective engineering use of these results needs a statistical analysis carried out through the 
application of both two- and three-parameters Weibull approach, using the software 
Minitab16 in this particular work. 
The three mechanical properties under investigation represented by the stress, the strain 
and the Young’s modulus may be described by using the two-parameter Weibull distribution 
law [35, 36]: 
 >0, 0>0, m>0 (1) 
Where m is a dimension less shape factor related directly to the dispersion of the data, 𝜒0 a 
local parameter representing an average value of 𝜒, and P(𝜒) the fiber failure probability 
function related to the parameter 𝜒. 
When the ultimate parameter ( u) is integrated into the distribution theory, the three-
parameter Weibull distribution law is then expressed as [32]: 
, > > > 0, m>0 (2) 
The value of P  is computed by a metric estimator represented as an average value rank 
[37] as: 
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 (3) 
Where ‘i’ represents the ith data point and n the number of points, and the parameters m and 𝜒0 
are obtained from a straight line Weibull model approach. Linear transformation of equations 
(2) and (3) as function of ln (𝜒) leads to: 
 (4) 
 (5) 
Fig.6 illustrates the two- and three-parameters Weibull distributions of the mechanical 
properties obtained from the experiments carried out at various NaOH concentrations during a 
2 hours period. It may be observed that the experimental results are close to the Weibull line, 
the correlation factor varying from 0.947 to 0.996 thus indicating a good agreement between 
the linear regression of the fiber mechanical properties and the experimental results. 
 
Figure 6 
 
The two-parameter Weibull distribution enables the estimation of the stress and the 
Young’s modulus as σ0 = 193.27 MPa and E0 = 27.73 GPa, corresponding to the Weibull 
shape factors of mσ = 3.89 and mE = 2.62. These results are close to the measured ones (σ = 
178.39 MPa and E = 26.4 GPa). The three-parameter Weibull distribution does not provide 
quite a satisfactory estimation as the two-parameter one, with σ0 = 144.97 MPa and E0 = 19.14 
GPa and Weibull shape factors mσ = 2.56 and mE = 1.44. These values are significantly lower 
than the experimental ones. 
It may be therefore stated that, while the two-parameter Weibull approach slightly 
overestimates the experimentally measured mechanical properties represented by the tensile 
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strength and the Young’s modulus, the three-parameter Weibull distribution however largely 
deviates from and underestimates the actual experimental results (see table 3). 
 
Table 3 
4.2. ANOVA analysis 
Applying the one-parameter Anova variance approach to all experimental results of the 
stress, strain and Young’s modulus measured on untreated and treated yarn fibers with 
different NaOH concentrations (0.5%, 2% and 5% at 30 min, 2 hours, 8 hours and 12 hours 
immersion times) lead to different values of p, which is different than the significance level (p 
= 0.05, or 95% confidence level). Table 4 shows the degrees of freedom (DF), sum of squares 
(SS), mean square (MS), Fisher modulus (F) and probability (P). The mean square (MS) is the 
ratio between the sum of the squares (SS) and the degrees of freedom (DF). The F-value 
represents the ratio between the mean square and the experimental error mean square. In a 
robust design, the F-value can be used as a qualitative understanding of the relative factor 
effects. If the F-values are greater than a critical value (F critical) the effects will be 
considered to be significant. Conversely, if the F-value is less than F critical, then the effects 
would be considered insignificant. The independent variable in the analysis is represented by 
the concentration of the NaOH groups and the untreated one (four groups), while the 
dependent variables are the stresses at failure (30 samples for each group) for an immersion 
time. The same procedure is followed for the strain and Young’s modulus. For example, for 
the yarns treated with 2% NaOH for an immersion time of 2 hours (which represents the best 
case featuring the highest mechanical properties- see Table 2), the Fisher modulus of the 
stress F = 8.90 and strain F = 4.23 are superior to their critical value Fcr = 2.60 (see Table 4). 
In this case, the null hypothesis is dropped. However, the Fisher modulus of the Young’s 
modulus (F = 0.62) is lower than the critical value, which means that there are non-significant 
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differences of the Young’s modulus between treatments. Moreover, the individual charts (Fig. 
7) present the average values of the ultimate stresses (Fig. 7a), strains (Fig. 7b) and Young’s 
modulus (Fig. 7c), for all the experimental results, differ for different NaOH concentrations at 
various immersion times. The yarns treated with 2% NaOH concentration for 2 hours 
immersion time shows the highest values on stress and Young’s modulus equal to σ = 178.39 
MPa, and E = 26.40 GPa respectively and an equivalent strain, leading to a good agreement 
with the untreated one of 117.70 MPa, 19.78 GPa and 4.39%. 
Table 4 
Figure 7 
 
The residual values curves are represented in Fig. 8, and they are intended for the control 
of the statistical hypotheses. The Non-uniformity diagram (Fig.8(a)) shows a nearly straight 
line (known as the Henry straight line) meaning that the residuals values are uniformly 
distributed. Fig.8(b) plots the residual values against the adjusted ones, and shows a random 
distribution around zero. The histogram of Fig.8(c) represents the residuals and identifies 
multiple peaks along with aberrant normal values and non-uniformity. The residual values 
when expressed as a function of the observation order leads to identifying their chronological 
dependence, presenting the random structure illustrated in Fig.8(d). The residual graphs show 
no contradiction with the statistical hypotheses, and the Anova one-factor model is thus found 
to be a good fit to the experimental data. 
 
Figure 8 
 
5. Conclusions 
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An experimental investigation is undertaken to show the influence of NaOH alkali 
treatment on the mechanical properties of the yarn jute fibers. Three hundred and sixty 
specimens were treated differently in terms of sodium hydroxide concentration and 
immersion times, and compared to 30 untreated samples. The study included processing using 
a scanning optical microscope, and further examined using the FTIR technique. 
In view of the dispersion of the experimental results obtained, statistical analyses were 
carried out through the application of both two- and three-parameters Weibull, and Anova 
variance approaches. The comparison between results of this study leads to the following 
conclusions: 
1. The current research is better than the previous ones found in the literature because almost 
of the authors have considered the treatment of the jute fibers with a high concentration of 
NaOH (5%, 10% and 25%). However, in the present investigation it has been demonstrated 
that for the jute yarns the best results leading to an enchantment of the mechanical 
properties are obtained at low concentration of NaOH (2%) and low immersion times (2h) 
which is more environmental friendly. In other words, the NaOH treatment improves the 
mechanical properties of the jute yarns, and provides an increase of 5% to 34% of the 
tensile strength, and 5% to 25% for the Young’s modulus and equivalent strain compared 
to the untreated fibers, using low concentrations (0.5% and 2%). Optimum results are 
obtained for a 2% NaOH concentration along with a 2 hours immersion time with 178.4 
MPa for the stress, 26.4 GPa for the Young’s modulus and 4.17% for the strain. 
2. The experimental results obtained are characterized by their high dispersion, leading to the 
need for a statistical analysis to achieve a true estimation of the mechanical properties. 
3. The two-parameter Weibull distribution analysis leads to better results compared to its 
three-parameter counterpart in terms of estimation of the experimental results obtained. 
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4. The Anova approach was also applied to the experimental results, with a 95% of 
confidence level. By using this statistical method one can conclude that the treatment 
affects the mechanical properties of jute yarns. For the best case obtained with a 2% NaOH 
treatment for an immersion time of 2 hours, the Fisher factors of the ultimate stress and 
strain are valued at F = 8.90 and F = 4.23. These values are greater than their critical 
threshold (Fcr = 2.60). This means that there are significant differences in stress and strain 
between treatments. However, the Young’s modulus of F = 0.62 is less than the critical 
value, which means there are non-significant differences of the Young’s modulus between 
treatments. 
 
5. The analysis of the spectra obtained by the FTIR technique shows that the peaks at 1732 
cm-1 and 1250 cm-1 vanish for the treated jute fiber. This corresponds to the C=O stretching 
bands of hemicelluloses and CH stretching of aromatic skeleton ring vibration of lignin. 
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Figure captions 
Fig. 1. (a) Bundle of 30 yarn jute fibers, (b) Measurement of the diameter using optical microscope. 
Fig.2. Scanning electron microscopy (SEM) image of untreated (a,b) and treated (c,d) yarn jute fibers 
Fig. 3. Spectra of jute fibers untreated and treated by different concentrations of NaOH for diverse 
immersion times. 
Fig. 4. Tensile strength representation: 
(a) Stress/Strain curves of thirty tests on untreated yarn jute fibers;  
(b) Representative stress/strain curve of the thirty tests on untreated yarn jute fibers;  
(c) Comparison of representative stress/strain curves of thirteen group’s treated and untreated 
yarn jute fibers;  
(d) Comparison of representative stress/strain curves of treated and untreated yarn jute fibers. 
Fig.5. Mechanical properties of untreated yarn jute fibers and treated by different NaOH 
concentrations for diverse immersion times. 
Fig.6. Two-and Three-parameter Weibull statistical analysis results of untreated yarn jute fibers and 
treated by various NaOH concentrations during 2 hours immersion time. 
Fig.7. Individual value diagrams of the mechanical properties of untreated yarn jute fibers and treated 
by different NaOH concentrations for diverse immersion times. 
 
Fig.8.Representation of the residual stress values 
Table captions 
 
Table 1. Peaks’ attribution with their intensities observed in FTIR spectra of jute fibers untreated and 
treated by different concentrations of NaOH for diverse immersion times. 
Table 2. Average values of the mechanical properties of untreated yarn jute fibers and treated by 
different concentrations of NaOH for diverse immersion times. 
Table 3. Average values of 2 and 3 parameters Weibull yarns jute fibers untreated and treated by 
NaOH for different concentrations during 30 min, 2h, 8h and 12h immersions time. 
Table4. Variance analysis of tensile strength (MPa), Young's modulus (GPa) and strain (%) versus 
NaOH concentration ratio at 95% level of significance. 
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Fig. 2.Scanning electron microscopy (SEM) image of untreated (a,b) and treated (c,d) yarn jute 
fibers. 
13° 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 
(a) 
-a-   -b- 
Fig. 1. (a) Bundle of 30 yarn jute fibers, (b) Measurement of the diameter using 
an optical microscope. 
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Fig. 3. FTIR spectra of jute fibers untreated and treated by different concentrations of NaOH for 
diverse immersion times. 
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Fig. 4. Tensile strength representation: (a) Stress/Strain curves of thirty tests on yarn jute fibers; 
(b) Representative stress/strain curve; (c) Comparison of representative stress/strain curves of 
thirteen group’s treated and untreated yarn jute fibers; (d) Comparison of representative 
stress/strain curves of treated and untreated yarn jute fibers. 
 
21 
 
 
 
  
 
 
Fig. 5. Mechanical properties of untreated yarn jute fibers and treated by different NaOH 
concentrations for diverse immersion times. 
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Fig. 6.Two-and Three-parameter Weibull statistical analysis results of 
untreated yarn jute fibers and treated by various NaOH 
concentrations during 2 hours immersion time 
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Fig. 7. Individual value diagrams of the mechanical properties of untreated yarn jute fibers and treated 
by different NaOH concentrations for diverse immersion times. 
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Table 1.Peaks’ attribution with their intensities observed in FTIR spectra of jute fibers untreated and treated by different concentrations of NaOH for diverse 
immersion times. 
   1 2 3 4 5 6 7 
Ref. 
Fiber 
Treatment 
(NaOH) 
Peak 
C-O 
Stretching 
vibration 
C-O  
stretching vibration 
of the acetyl group 
in lignin 
CH  
symmetric 
stretching and 
aromatic 
CH3 
Asymmetric 
stretching 
C=O  
Stretching vibration 
of carboxylic acid 
C-H  
Stretching of 
cellulose 
O-H 
 Hydrogen bonded of OH 
stretching in cellulose 
  Position 1022 1243 1314 1638 1732 2917 3330 
T
h
is
 w
o
rk
 
Jute 
Raw Height 64.42 86.71 88.47 90.58 92.85 90.58 69.26 
0.5% -30min Height 64.14  86.89 89.78 - 91.60 84.46 
2% -30min Height 34.57 - 72.99 74.84 - 70.88 29.18 
5% -30min Height 58.12 - 83.31 86.04 - 82.10 55.71 
0.5%-2h Height 67.45 - 88.18 90.28 - 91.17 70.95 
2%-2h Height 54.80 - 82.50 85.58 - 83.26 51.71 
5%-2h Height 66.02 - 87.80 89.98 - 90.33 67.84 
0.5%-8h Height 53.63 - 80.17 83.14 - 77.90 41.63 
2%-8h Height 71.15 - 89.77 91.88 - 91.95 74.62 
5%-8h Height 36.16 - 72.66 83.30 - 71.78 28.96 
0.5%-12h Height 41.44 - 77.27 80.42 - 74.30 41.00 
2%-12h Height 57.39 - 81.28 84.28 - 79.45 48.13 
5%-12h Height 56.77 - 84.32 87.05 - 86.89 58.94 
Kenaf 
Raw 
Position  897     1045 1251 -      1420 1575     - 1737 2923 3440            3812 
[30] 
Height 12.88   10.29 11.68 -        8.37  6.15      -       11.87 17.17 6.45            12.19 
1% 
Position 802     1043         -  -      1420 1576      - - 2932 3419           - 
Height 15.42  13.13  -       -    11.96 10.05      - - 14.93              10.03            - 
Jute Raw Position 830     1030 1240   1370 1455         1625 1755 2900 3350 [29] 
Jute 5% -2h Position - -          - 1464             - 1730 2950 3400 [28] 
kenaf Raw Position 899    1053 -          -   1505   1595  1640 1740 2900 3400 [31] 
Sisal Raw     Position 1027 1236 1371  1426         1604 1736 2918 3331 [32] 
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Table 2.Average values of the mechanical properties of untreated yarn jute fibers and treated by 
different concentrations of NaOH for diverse immersion times. 
 
 Experimental results 
Fiber 
GL 
mm 
Concentration 
[NaOH] 
Stress σ 
[MPa] 
SD 
CoV 
% 
Young’s 
Modulus  
E [GPa] 
SD 
CoV 
% 
Strain  
ε [%] 
SD 
CoV 
% 
Ref. 
Y
ar
n
 J
u
te
 
 Raw 117.70  27.77 23.59 19.78 4.98 25.18 4.39 0.69 15.72 
T
h
is
 w
o
rk
 
 0.5%-30min 140.74 27.50 19.54 21.32 5.44 25.51 4.16 0.69 15.00 
 2%-30min 162.30 30.09 18.54 23.05 6.61 28.68 4.03 0.78 15.35 
 5%-30min 124.31 27.74 22.31 21.7 3.32 15.30 3.99 0.66 16.54 
 0.5%-2h 152.22 29.74 19.54 20.96 5.35 25.52 4.13 0.69 16.70 
 2%-2h 178.39 38.42 21.54 26.4 6.01 22.76 4.17 0.93 22.45 
50 5%-2h 148.54 27.72 18.66 23.5 4.95 21.06 4.08 0.82 20.09 
 0.5%-8h 145.13 26.09 17.98 19.3 4.35 22.54 4.32 0.80 18.52 
 2%-8h 115.43 21.25 18.41 18.39 4.73 25.72 3.72 0.82 22.04 
 5%-8h 101.24 20.61 20.36 12.02 3.26 27.12 4.01 0.92 22.94 
 0.5%-12h 120.32 29.54 24.55 17.4 4.55 26.15 3.44 0.95 27.62 
 2%-12h 107.88 24.00 22.25 16.2 4.29 26.48 3.32 0.86 25.90 
 5%-12h 96.56 21.46 22.22 11.85 3.38 28.52 3.93 1.26 32.06 
Jute 50 
Raw 81.42 10 - 1.92 0.45 - 3.83 0.62 - 
[28] 
5%-2h 92.54 11 - 2.25 0.34 - 3.21 0.68 - 
FPD 
 Raw 125.97 33 26 4.52 1.58 0.35 3.44 0.8 0.23 
[33] 
50 2%-48h 291.9 11 28 8.96 3.14 0.35 4.10 0.6 0.15 
Yarn 
Jute 
- Raw 74.8 - 20 27. 69 - 24 0.03 - 15 [16] 
Flax - Raw 198.1 - 14 59.13 - 18 3.22 - 7 [16] 
Hemp - Raw 124.1 - 19 42.37 - 16 2.94 - 12 [16] 
Sisal 20 Raw 424 125 - 9.69 3.02 - 6.03 2.16 - [32] 
SD:Standard Deviation and CoV: Covariance 
 
 
Table 3.Average values of two- and three-parameter statistical Weibull untreated yarns jute fibers and 
treated by different concentrations of NaOH during diverse immersion times. 
 
Concentration 
Two-parameter Weibull Three-parameter Weibull 
m σ0 m E0 m ε0 m σ0 m E0 m ε0 
Raw 5.74 126.51 4.08 21.67 8.48 4.63 1.09 39.95 2.22 14.03 1.23 1.45 
0.5%-30min 5.95 151.65 3.94 23.21 10.13 5.42 8.46 204.30 1.27 10.73 11.04 6.56 
2%-30min 6.71 173.59 3.03 25.55 8.34 5.32 2.56 82.83 1.40 16.32 2.33 1.94 
5%-30min 5.67 134.09 3.8 23.82 9.40 5.25 2.64 74.74 1.64 13.71 4.22 2.68 
0.5%-2h 5.95 164.03 3.94 22.82 10.24 5.39 8.46 220.97 1.27 10.55 11.04 6.56 
2%-2h 3.89 193.27 2.62 27.73 6.98 5.51 2.56 144.97 1.44 19.14 3.08 2.88 
5%-2h 7.34 157.88 2.81 25.32 7.72 5.39 2.14 59.17 1.55 17.26 3.55 2.87 
0.5%-8h 3.65 159.76 4.34 21.13 6.39 4.63 2.11 110.36 3.04 16.31 12.54 8.32 
2%-8h 3.55 128.27 2.98 20.49 5.39 4.03 4.66 156.12 2.05 16.12 4.33 3.39 
5%-8h 3.85 110.93 3.51 13.30 5.40 4.34 1.83 66.18 2.07 9.39 3.07 2.82 
0.5%-12h 2.11 135.96 2.98 19.45 4.11 3.78 1.99 131.91 2.48 17.27 5.14 4.47 
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2%-12h 2.77 119.91 3.98 17.85 4.34 3.63 1.65 88.19 2.76 13.81 6.11 4.73 
5%-12h 2.15 109.77 2.90 13.07 3.27 4.39 3.35 143.54 1.84 9.84 5.30 6.22 
 
 
Table 4. Variance analysis of tensile strength (MPa), Young's modulus (GPa) and strain (%) versus 
NaOH concentration ratio at 95% level of significance. 
 
Variations 
Source Squares sum 
Degree of 
freedom Squares mean F Probability Fcr 
ANOVA test for ultimate tensile stress data (120 samples) 
 
 
Between groups 55613 3 18538 8.90 0.000 2.60 
Within groups 241556 116 2082 
  
 
Total 297168 119        
ANOVA test for Young's modulus (120 samples) 
  
 
Between groups 135.2 3 45.1 0.62 0.604 2.60 
Within groups 8451.9 116 72.9 
  
 
Total 8587.2 119        
ANOVA test for strain at failure data (120 samples) 
  
 
Between groups 8.353 3 2.784 4.23 0.000 2.60 
Within groups 76.373 116 0.658 
  
 
Total 84.725 119        
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• Influence of NaOH alkali treatment on the mechanical properties of yarns jute fibers. 
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